AD 


Award  Number:  W81XWH-11-2-0126 


TITLE:  Characterization  of  the  Human  Proteomic  Response  to  Hydrocodone:  A  Preliminary  Study 


PRINCIPAL  INVESTIGATOR:  Dr.  Vikhyat  Bebarta 


CONTRACTING  ORGANIZATION:  The  Geneva  Foundation 

Lakewood,  WA  96499 


REPORT  DATE:  March  2012 


TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  public  release;  distribution  unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and 
should  not  be  construed  as  an  official  Department  of  the  Army  position,  policy  or  decision 
unless  so  designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  Information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  Information,  Including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  0MB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  (DD-MM-YYYY) 

01-03-2012 


4.  TITLE  AND  SUBTITLE 


2.  REPORT  TYPE 

Annual 


Characterization  of  the  Human  Proteomic  Response  to  Hydrocodone:  A  Preliminary 
Study 


3.  DATES  COVERED  (From  -  To) 

1  MAR  2011  -28  FEB  2012 


5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 

W81XWH-1 1-2-0126 


5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 

Dr.  Vikhyat  Bebarta 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


E-Mail:  vikhyat.bebarta@us.af.mil 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

The  Geneva  Foundation 
Lakewood,  WA  96499 


5f.  WORK  UNIT  NUMBER 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  Public  Release;  Distribution  Unlimited 


13.  SUPPLEMENTARY  NOTES 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


14.  ABSTRACT 

Abstract  on  next  page. 


15.  SUBJECT  TERMS 

Subject  terms  on  next  page. 


16.  SECURITY  CLASSIFICATION  OF: 


a.  REPORT 

u 


b.  ABSTRACT 

u 


c.  THIS  PAGE 

u 


17.  LIMITATION 

18.  NUMBER 

OF  ABSTRACT 

OF  PAGES 

uu 

11 

19a.  NAME  OF  RESPONSIBLE  PERSON 

USAMRMC 


19b.  TELEPHONE  NUMBER  (include  area 
code) 


Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39.18 


14.  ABSTRACT 

Non-medical  use  and  abuse  of  prescription  opioids  is  a  growing  problem  in  both  the  civilian  and  military  communities.  Current  technologies  for  detecting 
hydrocodone  use  are  limited.  Standard  drug  screens  do  not  detect  hydrocodone.  In  order  to  detect  the  use  of  hydrocodone  and  prescription  opioids  for 
nontherapeutic  purposes,  it  is  vital  to  establish  the  excretion  profile  of  these  drugs.  Currently  there  is  no  data  available  describing  blood,  urine  and  oral  fluid 
profiles  following  administration  of  a  10  mg  dose  of  hydrocodone.  We  will  measure  proteomes  and  metabolites  in  blood,  urine  and  oral  fluid  samples  after 
hydrocodone  exposure.  We  are  exposing  healthy  volunteers  (n  =  30)  to  10  mg  pure  hydrocodone  under  controlled  conditions  and  collecting  blood,  oral  fluid, 
and  urine  at  defined  intervals  up  to  7  days.  We  will  include  2  subjects  for  control  in  the  study  giving  a  total  of  32  participants. 

15.  SUBJECT  TERMS 
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INTRODUCTION: 


The  purpose  of  the  overall  protocol  is  to  study  the  metabolism  and  protein  expression  in  the  urine  and  blood  of  human  subjects 
administered  hydrocodone.  An  opioid  is  prescribed  as  a  pain  medication  to  the  patient  to  minimize  pain.  Hydrocodone  will  be  administered 
to  healthy  volunteers.  Urine  and  blood  will  be  collected  prior  to  and  following  administration  of  the  drug.  The  three  separate  biofluids  will 
be  analyzed  for  drug  and  metabolites  and  for  changes  in  protein  expression.  Changes  in  protein  expression  will  provide  a  general 
understanding  of  opioid  exposure  in  future  studies  relating  to  opioid  abuse. 


BODY: 

Phase  1  -  Single  Dose  Administration 

1 .  Institutional  Review  Board  (IRB)  application 

o  IRB  approved  protocol,  ICD,  and  HIPAA  received  in  Q1 .  Annual  Review  submitted  to  IRB  and  study  approved  for 
another  year,  expires  May  2013. 

o  We  have  received  IRB  approval  to  increase  enrollment  from  32  to  forty  (40)  Subjects. 

■  We  are  replacing  four  (4)  Subjects  who  vomited  on  Day  1,  two  (2)  Subjects  we  could  not  obtain  blood  from 
on  Day  1,  and  two  (2)  subjects  that  signed  the  ICD  but  were  excluded  because  they  did  not  meet 
Inclusion/Exclusion  criteria.  See  Table  1 

2.  Research  Nurse  coordinator 

o  Research  Nurse  was  hired  in  Q1 ,  employed  via  the  Geneva  Foundation. 

3.  Lab  technician 

o  Lab  technician  was  hired  in  Q1 ,  employed  via  the  Geneva  Foundation. 


Phase  2  -  Patient  recruitment 

4.  Drug  Administration,  biofluid  sampling  and  PK  Analysis 

o  Thirty-five  (35)  Subjects  have  been  enrolled.  See  Table  1  below 
o  Recruitment  and  enrollment  is  on  target. 

o  We  have  received  IRB  approval  to  replace  the  four  (4)  Subjects  who  vomited  on  Day  1  after  receiving  study  drug 
(Subjects  9, 10, 19,  and  26). 

o  We  have  received  IRB  approval  to  replace  Subjects  29  and  31 .  These  individuals  were  withdrawn  from  the  study  on 
Day  1  because  we  were  unable  to  withdraw  blood  from  them, 
o  Last  Subject  should  be  completed  in  the  I®'  Quarter  of  2012. 

o  Urine  is  being  collected  for  up  to  5  days  following  administration  of  hydrocodone. 

o  Blood  is  collected  at  specified  time  points  throughout  the  first  day  then  at  24, 48,  96,  and  1 68  hour  post  dose, 

o  Samples  are  being  stored  refrigerated  or  frozen  until  analysis. 

o  Liquid  chromatography-mass  spectrometry  (LC-MS/MS)  method  validations  for  analysis  of  hydrocodone  and 
metabolites  in  urine  and  plasma  using  UCT  Excel  I  solid  phase  extraction  columns  have  been  completed, 
o  Analysis  of  hydrocodone  and  metabolites  in  Subject  plasma  samples  by  LC/MS/MS  has  been  completed  for 
Subjects  1-34. 

o  Subject  urine  samples  are  stored  frozen  and  will  be  analyzed  following  analysis  of  plasma  samples. 


1 


Table  1 


Subject 

Number 

Informed 
Consent 
and  HIPAA 
Signed 

Randomization/ 

Enrollment 

Date 

Number  of 
Blood 
samples 
collected 

Number  of 
Urine 
samples 
collected 

Number  of 
Oral 
Fluids 
collected 

Completion  or 
Discontinuation 
Date 

Number 
of  Visits 
Attended 
(should 
be  6, 
M,T,W.T 
H,F,M) 

SAE 

Reason  for 
Discontinuation, 
if  applicable 

01 

Yes 

14  March  2011 

20 

29 

45 

21  March  2011 

6 

0 

Completed  study 

02 

Yes 

14  March  2011 

19 

36 

44 

21  March  2011 

6 

0 

Completed  study 

03 

Yes 

04  April  2011 

20 

31 

33 

11  April  2011 

6 

0 

Completed  study 

Yes 

18  April  2011 

20 

29 

47 

25  April  2011 

6 

0 

Yes 

18  April  2011 

24 

42 

25  April  2011 

6 

Completed  study 

Yes 

25  April  2011 

19 

31 

42 

02  May  2011 

6 

m 

Completed  study 

07 

Yes 

25  April  2011 

20 

34 

47 

02  May  2011 

6 

Completed  study 

08 

Yes 

09  May  2011 

20 

28 

41 

16  May  2011 

6 

0 

Completed  study 

m 

Yes 

06  June  2011 

21 

24 

40 

6 

0 

Completed  study 
Replace-  vomited 

10 

Yes 

13  June  2011 

20 

28 

20  June  2011 

6 

Completed  study 
Replace-  vomited 

11 

Yes 

34 

50 

20  June  2011 

6 

Completed  study 

12 

Yes 

20 

35 

47 

27  June  2011 

6 

0 

13 

Yes 

20  June  2011 

30 

42 

27  June  2011 

6 

14 

Yes 

20  June  2011 

20 

29 

41 

27  June  2011 

6 

0 

15 

Yes 

25  July  2011 

30 

01  Aug  2011 

6 

0 

Completed  study 

16 

Yes 

01  Aug.  2011 

20 

23 

38 

08  Aug.  2011 

6 

0 

Completed  study 

17 

Yes 

20 

35 

45 

08  Aug  2011 

0 

Completed  study 

18 

Yes 

20 

24 

15  Aug  2011 

6 

0 

Completed  study 

15  Aug  2011 

■ 

22  Aug  2011 

6 

0 

Completed  study 
Replace-  vomited 

20 

Yes 

15  Aug  2011 

20 

26 

39 

22  Aug  2011 

6 

0 

Completed  study 

21 

Yes 

12  Sep  2011 

20 

31 

43 

19  Sep  2011 

6 

0 

Completed  study 

22 

Yes 

12  Sep  2011 

20 

44 

53 

19  Sep  2011 

6 

0 

Completed  study 

23 

Yes 

26  Sep  2011 

20 

18 

32 

03  Oct  20 11 

6 

0 

Completed  study 

24 

Yes 

26  Sep  2011 

16 

No 

collection 
after  Day  2 

37 

51 

03  Oct  20 11 

6 

0 

Completed  study 

25 

Yes 

26  Sep  2011 

20 

23 

37 

03  Oct  2011 

6 

0 

Completed  study 
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26 

Yes 

24  Oct  2011 

20 

24 

39 

31  Oct  2011 

6 

■ 

Completed  study 
Replace-  vomited 

27 

Yes 

14  Nov  2011 

20 

21  Nov  2011 

6 

0 

Completed  study 

28 

Yes 

14  Nov  2011 

19 

No 

collection 

Dayl 

Specimen 

#15 

21 

37 

21  Nov  2011 

6 

0 

Completed  study 

29 

Yes 

12  Dec  2011 

0 

0 

0 

12  Dec  2011 

1 

0 

Withdrew  on  Day  1 

Unable  to  withdraw 
blood  from 
angiocath  after 
baseline 

Drug  administered, 
observed  for  5 
hours. 

30 

Yes 

12  Dec  2011 

20 

27 

40 

19  Dec  2011 

6 

0 

Completed  study 

31 

Yes 

12  Dec  2011 

0 

0 

0 

12  Dec  2011 

1 

0 

Withdrew  on  Day  1 

Unable  to  withdraw 
blood  from 
angiocath 

Drug  not 
administered 

32 

Yes 

23  Jan  2012 

46 

30  Jan  2012 

6 

0 

Completed  study 

33 

Yes 

23  Jan  2012 

20 

24 

35 

30  Jan  2012 

6 

0 

Completed  study 

34 

Yes 

06  Feb  2012 

20 

48 

53 

13  Feb  2012 

6 

0 

Completed  study 

35 

Yes 

06  Feb  2012 

20 

36 

44 

13  Feb  2012 

6 

0 

Completed  study 

5.  Proteomic  analyses 

o  Analysis  for  drug  and  metabolites  in  plasma  is  underway.  Sample  sets  1-12  have  been  completed, 

o  0.5  ml  of  selected  time  points  for  Subjects  1-12  plasma  samples  have  been  shipped  and  received  by  PNNL. 

o  Preliminary  metabolic  analysis  of  the  kinetics  of  hydrocodone  and  hydromorphone  levels  in  the  plasma 
post-treatment  guided  time  point  selection  for  proteomic  LC-MS/MS  analysis.  Selected  time  points  (pre¬ 
treatment,  1, 2, 4, 8,  and  48  hours  post-treatment)  captured  each  subject’s  baseline  protein  levels,  the 
peak  of  drug  levels  (usually  between  the  2-8  hour  time  points),  and  a  return  to  baseline  levels  upon 
metabolism  of  the  drug. 

o  Pre-MS  plasma  sample  processing  at  PNNL  included  depletion  of  high  to  moderately  abundant  plasma  proteins 
using  human  lgY14  and  IgY  supermix  immunoaftinity  columns  along  with  tryptic  digestion  and  isolation  of  the 
subsequent  peptides  for  LC-MS/MS  analysis.  Immunoaftinity  depletion  allows  an  increase  in  the  dynamic  range  of 
detection  and  identification  of  less  abundant  proteins  and  potentially  more  subtle  changes  in  the  plasma  proteome. 
o  All  LC-MS  analyses  are  complete.  Total  instrument  analyses  included:  12  subjects  x  6  time  points  per  subject  x  2 
technical  duplicates  =  144  datasets.  Samples  were  analyzed  on  a  hybrid  high  resolution  and  high  mass  accuracy 
LC-MS/MS  platform  (ThermoScientific  LTQ  Orbitrap  Velos)  which  couples  peptide  identification  (tandem  MS  data) 
with  high  resolution  peak  intensity  data  for  quantification.  The  data  has  been  processed  via  the  AMT  tag  approach 
for  label-free  quantification  of  peptide  abundance. 
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o  Currently,  the  144  datasets  are  being  analyzed  to  identify  peptides/proteins  which  show  statistically  significant 
similarities  and/or  differences  across  the  plasma  proteome,  within  individuals  and  across  time  points,  in  response  to 
hydrocodone  administration. 

6.  Interpretation  -  results  of  PK  and  proteomic  analyses  will  be  evaluated  to  determine  a  signature  of  hydrocodone  use  and  to 
validate  LC-MS/MS  approach. 

o  Mass  spectrometric  analyses  results: 

o  Total  combined  number  of  unique  peptides  identified  (in  all  datasets):  12,907  peptides, 

o  Total  combined  number  of  unique  proteins  identified  (in  all  datasets):  1,074  proteins, 

o  Number  of  unique  proteins  identified  per  subject  (in  at  least  one  sample):  range  570-867  proteins, 
average  688  proteins, 
o  Preliminary  data  analysis: 

o  Initial  review  of  the  data  demonstrates  a  subset  of  plasma  proteins  which  potentially  appear  to  respond 
temporally  following  hydrocodone  administration,  through  either  increased  or  decreased  abundance  at 
specific  time  points  (see  Figure  1  for  example).  The  first  priority  of  data  analysis  will  be  to  identify  such 
proteins  of  interest.  Similarities  and  differences  in  protein  responses  of  interest  between  subjects  will 
then  be  determined. 


Less 

abundant 


More 

abundant 


Figure  1.  Heat  map  of  protein  abundance  data  (651 
proteins)  from  Subject  7  representing  duplicate  mass 
spectral  analyses  of  6  time  points.  Preliminary 
analyses  revealed  temporal  responses  to 
hydrocodone  treatment  at  specific  time  points  (see 
proteins  in  the  cluster  marked  with  an  asterisk 
showing  marked  increase  at  1  hour  post-treatment). 
Such  protein  trends  which  correlate  temporally  with 
hydrocodone  metabolism  are  of  primary  interest. 


Phase  3  - 
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7.  PNNL-Proteomics:  Data  products  will  include  all  protein  identifications  produced  during  the  project  for  each  sample,  a  list  of 
putative  markers  for  opioid  use  through  time,  and  preliminary  biological  interpretation  through  the  form  of  a  manuscript. 

8.  WHMC-Pharmacokinetic  evaluation:  Data  products  will  include  metabolism,  excretion,  and  pharmacokinetic  profiles  for  each 
subject  set,  and  interpretation  through  the  form  of  a  manuscript. 


9.  Manuscript  preparation  and  results  dissemination 

No  publications  to  date. 


KEY  RESEARCH  ACCOMPLISHMENTS: 

o  Enrollment  is  on  target, 
o  Preliminary  data  analysis  is  ongoing, 
o  Mass  spectrometric  analyses, 
o  Analysis  for  drug  and  metabolites  in  plasma  is  underway. 


REPORTABLE  OUTCOMES: 

There  have  been  no  manuscripts,  abstracts,  presentations;  patents  and  licenses  applied  for  and/or  issued. 


CONCLUSION: 

In  conclusion,  we  plan  to  complete  enrollment  in  the  first  quarter  of  2012  and  continue  analysis. 


REFERENCES: 

[1]  J.P.  Zacny,  S.  Gutierrez,  Within-subject  comparision  of  the  psychopharmacological  profiles  of  oral  hydrocodone  and  oxycodone 
combination  products  in  non-drug-abusing  volunteers.  Drug  Alcohol  Depend.  101  (2009)  107-114. 

[2]  SAMSHA,  Treatment  Episode  Data  Set  (TEDS)  Highlights  -  -  2007  National  Admissions  to  Substance  Abuse  Treatment 
Services,  in:  S.A.a.M.H.  Administration  (Ed.),  OAS  Series  #S-45,  HHS  Publication  No.  (SMA)  09-4360,  2009. 

[3]  R.A.  Friedman,  The  changing  face  of  teenage  drug  abuse-the  trend  toward  prescription  drugs,  N  Engl  J  Med  354  (2006)  1448- 
1450. 

[4]  B.M.  Kuehn,  Prescription  drug  abuse  rises  globally,  JAMA  297  (2007)  1306. 

[5]  A.A.  Hughes,  G.M.  Bogdan,  R.C.  Dart,  Active  surveillance  of  abused  and  misused  prescription  opioids  using  poison  center  data: 
a  pilot  study  and  descriptive  comparison,  Clin  Toxicol  (Phila)  45  (2007)  144-151. 

[6]  D.D.  Baker,  A.J.  Jenkins,  A  comparison  of  methadone,  oxycodone,  and  hydrocodone  related  deaths  in  Northeast  Ohio,  J  Anal 
Toxicol  32  (2008)  165-171, 

[7]  G.  Zoroya,  Troops  reportedly  popping  more  painkillers,  USA  Today,  USA  Today,  2008. 

[8]  J.A.  Inciardi,  H.L.  Surratt,  S.P.  Kurtz,  T.J.  Cicero,  Mechanisms  of  prescription  drug  diversion  among  drug-involved  club-  and 
street-based  populations.  Pain  Med  8  (2007)  171-183. 

[9]  R.F.  Forman,  G.E,  Woody,  T.  McLellan,  K.G.  Lynch,  The  availability  of  web  sites  offering  to  sell  opioid  medications  without 
prescriptions,  Am  J  Psychiatry  163  (2006)  1233-1238. 

[10]  M.  McCarthy,  Prescription  drug  abuse  up  sharply  in  the  USA,  Lancet  369  (2007)  1505-1506. 

[11]  G,  Zoroya,  Missouri  Army  drug  abuse  counseling  program  cited,  USA  Today,  USA  Today,  Fort  Leonard  Wood,  MO,  2008. 

[12]  J.M.  Bjork,  S.J.  Grant,  Does  traumatic  brain  injury  increase  risk  for  substance  abuse?,  J  Neurotrauma  (2009), 

[13]  D.P,  Graham,  A.L,  Cardon,  An  update  on  substance  use  and  treatment  following  traumatic  brain  in]ury,  Ann  N  Y  Acad  Sci  1 141 
(2008)  148-162. 


5 


H.  Fischer,  CRS  report  for  Congress:  United  States  Military  Casualty  StatlstIcsiOperatlon  Iraqi  Freedom  and  Operation  Enduring 
Freedom,  in:  I.R.S.K.S.  Group  (Ed.),  Washington  DC,  September  9,  2008. 

I. G.  Jacobson,  M.A.  Ryan,  T.l.  Hooper,  T.C.  Smith,  P.J.  Amoroso,  E.J.  Boyko,  G.D.  Gackstetter,  T.S.  Wells,  N.S.  Bell,  Alcohol 
use  and  alcohol-related  problems  before  and  after  military  combat  deployment,  JAMA  300  (2008)  663-675. 

A. S.o.D.H.  Affairs),  2005  Department  of  Defense  Survey  of  Health  Related  Behaviors  Among  Active  Duty  Military  Personnel,  in: 
R.  International  (Ed.),  2006. 

M.  Rulon,  Senator  Introduces  military  substance  abuse  bill.  Navy  Times,  Navy  Times,  2009. 

Supporting  Uniformed  Personnel  by  Providing  Oversight  and  Relevant  Treatment  for  Substance  Use  Disorders  Act,  s.459,  2009. 
M.F.  Weaver,  M.E.  Jarvis,  Overview  of  the  recogniatlon  and  management  of  the  drug  abuse,  in:  D.S.  Basow  (Ed.),  UpToDate, 
Waltham,  MA,  2009. 

P.M.  Rainey,  Laboratory  principles,  in:  L.R.  Goldfrank,  N.  Flomenbaum  (Eds.),  Goldfrank's  toxicologic  emergencies,  McGraw-Hill, 
Medical  Pub.  Division,  New  York,  2006,  pp.  88-108. 

D.L.  Eldridge,  C.P.  Holstege,  Utilizing  the  laboratory  In  the  poisoned  patient,  Clin  Lab  Med  26  (2006)  13-30,  vii. 

D.E.  Moody,  W.B.  Fang,  D.M.  Andrenyak,  K.M.  Monti,  C.  Jones,  A  comparative  evaluation  of  the  instant-view  5-panel  test  card 
with  OnTrak  TesTcup  Pro  5:  comparison  with  gas  chromatography-mass  spectrometry,  J  Anal  Toxicol  30  (2006)  50-56. 

O. H.  Drummer,  Drug  testing  In  oral  fluid,  Clin  Biochem  Rev  27  (2006)  147-159. 

Alcohol  and  Substance  Abuse  Measurement  Instrument  Collection,  Addiction  Research  Insititute  -  University  of  Texas-Austin, 
2009,  Vol.  2009. 

P. D.  Friedmann,  D.  McCullough,  M.H.  Chin,  R.  Saltz,  Screening  and  Intervention  for  alcohol  problems.  A  national  survey  of 
primary  care  physicians  and  psychiatrists,  J  Gen  Intern  Med  15  (2000)  84-91. 

H.K.  Kang,  T.A.  Bullman,  Risk  of  suicide  among  US  veterans  after  returning  from  the  Iraq  or  Afghanistan  war  zones,  JAMA  300 
(2008)  652-653. 

R.  Coles,  M.M.  Kushnir,  G.J.  Nelson,  G.A.  McMIllln,  F.M.  Urry,  Simultaneous  determination  of  codeine,  morphine,  hydrocodone, 
hydromorphone,  oxycodone,  and  6-acetylmorphine  in  urine,  serum,  plasma,  whole  blood,  and  meconium  by  LC-MS-MS,  J.  Anal. 
Toxicol.  31  (2007)  1-14. 

W.  Naidong,  J.W.  Lee,  X.  Jiang,  M.  Wehling,  J.D.  Hulse,  P.P.  Lin,  Simultaneous  assay  of  morphine,  morphine-3-glucuronide  and 
morphine-6-glucuronide  in  human  plasma  using  normal-phase  liquid  chromatography-tandem  mass  spectrometry  with  a  silica 
column  and  an  aqueous  organic  mobile  phase,  J.  Chromatogr.  B.  Blomed.  Scl.  Appl.  735  (1999)  255-269. 

Y.L.  Chen,  G.D.  Hanson,  X.  Jiang,  W.  Naidong,  Simultaneous  determination  of  hydrocodone  and  hydromorphone  in  human 
plasma  by  liquid  chromatography  with  tandem  mass  spectrometric  detection,  J.  Chromatogr.  B  Analyt.  Technol.  Biomed.  Life  Sci. 
769  (2002)  55-64. 

G.  Schanzie,  S.  Li,  G.  Mikus,  U.  Hofmann,  Rapid,  highly  sensitive  method  for  the  determination  of  morphine  and  its  metabolites 
in  body  fluids  by  liquid  chromatography-mass  spectrometry,  J.  Chromatogr.  B.  Biomed.  Sci.  Appl.  721  (1999)  55-65. 

L.E.  Edinboro,  R.C.  Backer,  A.  Poklls,  Direct  analysis  of  opiates  In  urine  by  liquid  chromatography-tandem  mass  spectrometry,  J. 
Anal.  Toxicol.  29  (2005)  704-710. 

J. T.  Cody,  S.  Valtler,  Excretion  profile  of  Immunoassay  cross-reacting  substances  following  controlled  administration  of  lysergic 
add  diethylamide,  J.  Anal.  Toxicol.  20  (1996)  69. 

J.T.  Cody,  S.  Valtler,  Detection  of  amphetamine  following  administration  of  fenproporex,  J.  Anal.  Toxicol.  20  (1996)  425-431. 

J.T.  Cody,  S.  Valtier,  Detection  of  amphetamine  and  methamphetamine  following  administration  of  benzphetamine,  J.  Anal. 
Toxicol.  22(1998)  299-309. 

S.  Valtler,  J.T.  Cody,  Metabolic  production  of  amphetamine  following  the  administration  of  clobenzorex,  J.  Forensic  Sci.  44 
(1999)  17-22. 

J. T.  Cody,  S.  Valtier,  S.  Stillman,  Amphetamine  and  fenproporex  levels  following  multidose  administration  of  fenproporex,  J. 

Anal.  Toxicol.  23  (1999)  187-194. 

K. L.  Baden,  S.  Valtier,  J.T.  Cody,  Metabolic  production  of  amphetamine  following  multidose  administration  of  clobenzorex,  J. 

Anal.  Toxicol.  23  (1999)  511-517. 

S.  Valtler,  J.T.  Cody,  Differentiation  of  clobenzorex  use  from  amphetamine  abuse  using  the  metabolite  4-hydroxyclobenzorex,  J. 
Anal.  Toxicol.  24  (2000)  606-613. 

J.T.  Cody,  S.  Valtler,  Amphetamine,  clobenzorex  and  4-hydroxyclobenzorex  levels  following  multi-dose  administration  of 
clobenzorex,  J.  Anal.  Toxicol.  25  (2001)  158-165. 

B.  GreenhIII,  S.  Valtler,  J.T.  Cody,  Metabolic  profile  of  amphetamine  and  methamphetamine  following  administration  of  the  drug 
famprofazone,  J.  Anal.  Toxicol.  27  (2003)  479-484. 

J.T.  Cody,  S.  Valtler,  S.L.  Nelson,  Amphetamine  excretion  profile  following  multidose  administration  of  mixed  salt  amphetamine 
preparation,  J.  Anal.  Toxicol.  28  (2004)  563-574. 


6 


[42]  A.T.  Rodriguez,  S.  Valtier,  J.T.  Cody,  Metabolic  profile  of  famprofazone  following  multidose  administration,  J.  Anal.  Toxicol.  28 
(2004)  432-438. 

[43]  S.  Valtier,  C.F.  Phelix,  J.T.  Cody,  Analysis  of  MDMA  and  its  metabolites  in  urine  and  plasma  following  a  neurotoxic  dose  of 
MDMA,  Journal  of  Analytical  Toxicology  31  (2007)  132-137. 

[44]  A.  Bierczynska-Krzysik,  E.  Bonar,  A.  Drabik,  M.  Noga,  P.  Suder,  T.  Dylag,  A.  Dubin,  J.  Kotlinska,  J.  Silberring,  Rat  brain 
proteome  in  morphine  dependence,  Neurochem  Int  49  (2006)  401-406. 

[45]  A.  Bodzon-Kulakowska,  A.  Bierczynska-Krzysik,  A.  Drabik,  M.  Noga,  A.  Kra],  P.  Suder,  J.  Silberring,  Morphinome-proteome  of 
the  nervous  system  after  morphine  treatment,  Amino  Acids  28  (2005)  13-19. 

[46]  T.  Kim,  K.Q.  Tang,  H.R.  Udseth,  R.D.  Smith,  A  multicapillary  inlet  jet  disruption  electrodynamic  ion  funnel  interface  for  improved 
sensitivity  using  atmospheric  pressure  ion  sources.  Anal.  Chem.  73  (2001)  4162-4170. 

[47]  K.W.  Li,  C.R.  Jimenez,  R.C.  van  der  Schors,  M.P.  Hornshaw,  A.N.  Schoffelmeer,  A.B.  Smit,  Intermittent  administration  of 
morphine  alters  protein  expression  in  rat  nucleus  accumbens,  Proteomics  6  (2006)  2003-2008. 

[48]  J.  Neasta,  S.  Uttenweiler-Joseph,  K.  Chaoui,  B.  Monsarrat,  J.C.  Meunier,  L.  Mouledous,  Effect  of  long-term  exposure  of  SH- 
SY5Y  cells  to  morphine:  a  whole  cell  proteomic  analysis,  Proteome  Sci  4  (2006)  23. 

[49]  A.  Bierczynska-Krzysik,  J.P.  Pradeep  John,  J.  Silberring,  J.  Kotlinska,  T.  Dylag,  M.  Cabatic,  G.  Lubec,  Proteomic  analysis  of  rat 
cerebral  cortex,  hippocampus  and  striatum  after  exposure  to  morphine,  Int  J  Mol  Med  18  (2006)  775-784. 

[50]  Z.H.  Wen,  G.J.  Wu,  L.C.  Hsu,  W.F.  Chen,  J.Y.  Chen,  H.A.  Shui,  A.K.  Chou,  C.S.  Wong,  N-Methyl-D-aspartate  receptor 
antagonist  MK-801  attenuates  morphine  tolerance  and  associated  glial  fibrillary  acid  protein  up-regulation:  a  proteomic  approach, 
Acta  Anaesthesiol  Scand  52  (2008)  499-508. 

[51]  K.K.  Reynolds,  B.  Ramey-Hartung,  S.A.  Jortani,  The  value  of  CYP2D6  and  OPRM1  pharmacogenetic  testing  for  opioid  therapy, 
Clin  Lab  Med  28  (2008)  581-598. 

[52]  I.  UCB  Pharma,  LORTAB®  Hydrocodone  Bitartrate  and  Acetaminophen  Tablets,  Smyrna,  GA  30080  Rev.  3E,  P/N  1004860 
(2004). 

[53]  K.  Parfitt,  (Ed.),  Martindale  The  complete  drug  reference,  Pharmaceutical  Press,  Taunton,  Mass,  1999. 

[54]  S.V.  Otton,  M.  Schadel,  S.W.  Cheung,  H.L.  Kaplan,  U.E.  Busto,  E.M.  Sellers,  CYP2D6  phenotype  determines  the  metabolic 
conversion  of  hydrocodone  to  hydromorphone,  Clin.  Pharmacol.  Ther.  54  (1993)  463-472. 

[55]  E.  J.  Cone,  W.D.  Darwin,  Simultaneous  determination  of  hydromorphone,  hydrocodone  and  their  6alpha-  and  6beta-hydroxy 
metabolites  in  urine  using  selected  ion  recording  with  methane  chemical  ionization,  Biomed.  Mass  Spectrom.  5  (1978)  291. 

[56]  E.J.  Cone,  W.D.  Darwin,  C.W.  Gorodetzky,  T.  Tan,  Comparative  metabolism  of  hydrocodone  in  man,  rat,  guinea  pig,  rabbit,  and 
dog.  Drug  Metab.  Dispos.  6  (1978)  488-493. 

[57]  Z.  Chen,  R.  Irvine,  A.  Somogyi,  F.  Bochner,  Mu  receptor  binding  of  some  commonly  used  opioids  and  their  metabolites.  Life  Sci. 
48  (1991)  2165-2171. 

[58]  H.H.  Hennies,  E.  Friderichs,  J.  Schneider,  Receptor  binding,  analgesic  and  antitussive  potency  of  tramadol  and  other  selected 
opioids,  Arzneimittelforschung  38  (1988)  877-880. 

[59]  H.L.  Kaplan,  U.E.  Busto,  G.J.  Bayion,  S.W.  Cheung,  S.V.  Otton,  G.  Somer,  E.M.  Sellers,  Inhibition  of  cytochrome  P450  2D6 
metabolism  of  hydrocodone  to  hydromorphone  does  not  importantly  affect  abuse  liability,  J.  Pharmacol.  Exp.  Ther.  281  (1997) 
103-108. 

[60]  Zhang  R,  Wang  B,  Wei  C,  Yuan  G,  Guo  R,  Determination  and  pharmacokinetic  study  of  hydrocodone  in  human  plasma  by  liquid 

chromatography  coupled  with  tandem  mass  spectrometry,Artif  Cells  Blood  Substit  Immobil  Biotechnol.  2009;37(5):203-7.  Epub 
2009  Sep  2. 

[61]  Pesce  A,  Crews  B,  Latyshev  S,  Mikel  C,  Almazan  P,  West  R,  Rosenthal  M,  West  C,  improvement  of 

pain  physicians'  practices  of  opioid  management:  population-based  urinary  excretion  data.  J  Opioid  Manag.  201 1  Nov- 
Dec;7(6):435-41. 


APPENDICES: 

No  appendices 


7 


